Candida spp. are important causes of nosocomial bloodstream infections. Around 80% of patients with candidemia have an indwelling central venous catheter (CVC). Determining whether the CVC is the source of candidemia has implications for patient management. We assessed whether the time to detection of Candida species in peripheral blood (time to positivity [TTP]) can serve as a marker for catheter-related candidemia. Prospective surveillance of Candida bloodstream infection was conducted in two medical centers. TTP was recorded by the BacT/Alert automated system. Sixty-four candidemia episodes were included. Fifty patients (78%) had an indwelling CVC. Thirteen patients (20.3%) had definite catheterrelated candidemia. TTP was shorter for definite catheter-related candidemia (17.3 ؎ 2 h) than that for candidemia from other sources (38.2 ؎ 3 h; P < 0.001). A TTP cutoff of 30 h was 100% sensitive and 51.4% specific for catheter-related candidemia (area under the receiver-operator characteristic curve of 0.76). We conclude that TTP in peripheral blood is a sensitive but nonspecific marker for catheter-related candidemia and that a TTP of more than 30 h can help exclude an intravascular catheter as the possible source of candidemia.
Candida spp. are common causes of nosocomial bloodstream infections, ranking as the fourth most frequent pathogens involved in such infections overall and the third most frequent pathogens in intensive care units (7, 15, 18) . The estimated attributable outcomes of candidemia include excess mortality of 14% to 49% (5, 19) , prolongation of hospital stay by 10 days (19) , and increased expenditure of around 40,000 dollars per case (19) .
Central venous catheters (CVCs) are present in about 80% of patients with candidemia (2) and significantly increase the risk of candidemia in hospitalized patients (3) . The role of catheters in neutropenic patients is less clear because the gastrointestinal tract is a likely source of candidemia in these patients. The Infectious Diseases Society of America guidelines for the treatment of candidiasis state that for candidemia, removal of existing intravascular catheters is desirable, if feasible, especially in nonneutropenic patients (13) . However, removal of all intravascular catheters in patients with candidemia entails the need to insert new catheters and may therefore be associated with mechanical complications, bleeding, and increased expenditure. Catheter removal may be particularly complicated in patients with long-term tunneled catheters and in those with multiple catheters. These considerations are underscored by evidence showing that only 25% of catheters removed in patients with candidemia are in fact infected with Candida (2). Clearly, methods to safely reduce the unnecessary removal of uninfected catheters are required.
Several noninvasive methods for the diagnosis of catheter-related bloodstream infection have been put forth, none of which has been specifically assessed for candidemia. Quantitative cultures may be used to compare the concentrations of bacteria in samples of blood drawn simultaneously from the catheter lumen and peripheral blood; a 5-to 10-fold higher concentration in the catheter lumen is highly suggestive of catheter-related infection (14, 17) . However, quantitative blood cultures are labor-intensive, expensive, and prone to contamination and therefore are not routinely performed by most microbiology laboratories. In automated blood culture systems that continuously monitor bacterial growth by colorimetric detection of CO 2 , the time to detection of growth correlates inversely with the bacterial load and may be a readily available substitute for quantitative blood cultures (2) . However, to effectively compare time to positivity (TTP) from peripheral blood and catheter lumen (i.e., differential TTP), equal volumes of blood must be drawn simultaneously from both sources and entered into the culture system at the same time. More commonly in everyday practice, the clinician is faced with a peripheral blood culture growing a Candida species in a patient with one or more intravascular catheters, and the likelihood of a catheter-related infection must be determined according to clinical risk factors, such as the receipt of hyperalimentation through the catheter, isolation of Candida parapsilosis from blood, and the absence of an apparent alternative source of candidemia (12) .
Recent retrospective studies on Staphylococcus aureus bacteremia have shown that TTP in peripheral blood alone may yield useful information regarding the source of bacteremia. A short TTP (less than 12 to 14 h) was more frequent if the source of bacteremia was endovascular, such as an infected catheter or endocarditis (8, 10) . The usefulness of TTP in peripheral blood for the diagnosis of catheter-related candidemia (CRC) has not been previously studied.
MATERIALS AND METHODS
Study design. The data presented here are from a substudy of a national active surveillance of Candida bloodstream infections in Israel and include data from two of the participating medical centers. We included adult patients (Ն18 years old) who had a Candida species growing from at least one blood culture bottle drawn from a peripheral vein. Patients were recruited from November 2005 to December 2006. The study was approved by the institutional review boards of both participating centers.
Microbiological methods. Blood cultures were obtained by physicians on the basis of clinical suspicion of infection. Physicians were instructed to draw 10 ml of blood into each bottle and to send inoculated bottles to the microbiology laboratory without delay. Both centers used the BacT/Alert automated blood culture system (bioMerieux, Marcy l'Etoile, France). The system detects growth using a colorimetric sensor that changes its color as the level of carbon dioxide in the medium rises. TTP is routinely recorded by the BacT/Alert system and is defined as the time between the placement of each blood culture bottle in the incubation cabinet and the detection of growth. Blood culture bottles were excluded from our analysis if growth of more than one organism was detected. The earliest date on which Candida grew from blood was chosen for analysis. If more than one blood culture bottle grew Candida species on the same date, the bottle with the shortest TTP was chosen.
To correct for the volume of blood inoculated into the blood culture bottles, culture bottles from center A that were positive for growth of Candida species were weighed, and the volume of inoculated blood was calculated according to the following formula: volume (in milliliters) ϭ [weight of bottle after inoculation (in grams) Ϫ 60]/1.05 (the weight of a culture bottle prior to blood inoculation was 60 g, and the specific gravity of blood is 1.05 [16] ).
Candida species were identified by morphology, pigmentation on CHROMagar (Hardy Laboratories, Santa Monica, CA) and Vitek 2 using the ID-YST card (bioMerieux).
In both participating centers, the standard recommendation of the infectious diseases team is to extract indwelling vascular catheters in nonneutropenic patients with candidemia. However, the final decision was made at the discretion of the attending physician. The tips of extracted CVCs were cultured by the plate roll method as described by Maki et al. (9) . The catheter tip was rolled over blood agar, and growth was assessed after overnight incubation. If 15 or more colonies were detected, the tip culture was considered positive.
Definitions. Among patients with an indwelling CVC, we defined three groups according to the likelihood of CRC.
(i) Group 1. Definite CRC was defined if both of the following conditions were satisfied: (i) growth of Ն15 colonies of a Candida species from a removed catheter tip; (ii) identification of the same Candida species from the catheter tip and peripheral blood (12) .
(ii) Group 2. Possible CRC was defined if a CVC was present at the time of candidemia, but the catheter tip was not available for culture, and no alternative source of candidemia was identified.
(iii) Group 3. Non-CRC was defined if the tip of a removed catheter was negative for growth of Candida spp., or if the catheter tip was not available for culture and an alternative source of candidemia was established.
Diagnosis of candidiasis at a noncatheter site was defined based upon microbiological culture results. For example, Candida peritonitis was defined as a peritoneal-space culture growing Candida spp. in a clinical setting consistent with peritonitis. Candidemia was designated "without an apparent source" if no source was microbiologically documented.
Data collection. Demographic and clinical data were entered into standardized forms by researchers at each center. A study coordinator, who had no knowledge of the TTP results, entered data into a central electronic database.
Statistical analysis. TTP was compared between the patient groups using one-way analysis of variance with post hoc Bonferroni analysis. Kaplan-Meier survival analysis with the log rank (Mantel-Cox) test was used to compare the cumulative TTP in patients with and without CRC.
To test the diagnostic accuracy of a defined TTP cutoff value for CRC, a receiver-operator characteristic (ROC) curve was plotted, and the area under the curve was calculated. Bivariate correlation between the volume of blood in culture bottles and TTP was calculated using Pearson's coefficient. TTP values are presented as means Ϯ standard errors. A P of Յ0.05 was considered significant. Statistics were calculated using SPSS version 13 for Windows (SPSS, Chicago, IL).
RESULTS
A total of 105 patient-specific episodes of Candida bloodstream infection occurred within the study period. Forty-one episodes were excluded from this analysis for the following reasons: patient age of Ͻ18 years (7 episodes), bloodstream infection with multiple organisms (11 episodes), blood drawn exclusively through a catheter lumen (14 episodes), and TTP data not recorded (11 episodes). The remaining 64 episodes (45 from center A and 19 from center B) comprised the study cohort.
Demographic and clinical data are summarized in Table 1 . Patients from center B were more frequently hospitalized within the previous 90 days compared to patients from center A (62.2% versus 26.3%; P ϭ 0.013); there were no other significant differences between the patient populations for the two participating centers.
The most common risk factors for candidemia in this study population were recent surgery (46.9%), parenteral nutrition (26.6%), and stay in the intensive care unit (35.9%). Only two patients had been neutropenic in the 30 days prior to the onset of candidemia. Blood isolates included Candida albicans (31 isolates), Candida glabrata (15 isolates), Candida tropicalis (10 isolates), Candida parapsilosis (6 isolates), and Candida krusei (2 isolates).
Fifty patients (78.1%) had an indwelling CVC at the time of candidemia. These included 40 nontunneled catheters, 7 tunneled catheters, and 3 peripherally inserted central catheters. Thirty-five (70%) catheters were extracted and cultured, and of these, 13 catheter tips were positive for growth of Candida species by the plate roll method. Failure to extract catheters occurred most commonly due to rapid clinical deterioration and death of the patient before blood culture results were received (12 of 15 cases).
Using the criteria defined above, the 64 study patients were divided into definite CRC (13 patients), possible CRC (16 patients), and non-CRC (35 patients) groups ( Table 2 ). The overall mean TTP was 33.9 Ϯ 3 h (range, 4.1 to 112.8 h). There was no difference in TTP between the two participating centers (33.8 Ϯ 3 h in center A and 34.4 Ϯ 7 h in center B; P ϭ 0.9). TTP was significantly shorter in cultures from the definite CRC group (17.3 Ϯ 2 h; range, 4.1 to 29.9 h) than for cultures from all other candidemia episodes (38.2 Ϯ 3 h; range, 4.7 to 112.8 h; P Ͻ 0.001). Cultures from patients with no identifiable source of candidemia exhibited significantly longer TTPs than those for all other episodes of candidemia (45.0 Ϯ 6 h versus 27.8 Ϯ 3 h; P ϭ 0.004). In patients with an indwelling CVC, cultures from the definite CRC group exhibited significantly shorter TTP than cultures from the non-CRC group (17.3 Ϯ 2 h versus 37.7 Ϯ 5 h; P ϭ 0.009). Candida cultures in the possible CRC group exhibited TTP values intermediate between those of patients with definite CRC and non-CRC (Table 2 and Fig. 1 ). There was no significant difference in the volume of blood inoculated into culture bottles in the three patient groups (P ϭ 0.6), and no significant correlation between TTP and the volume of inoculated blood (P ϭ 0.4).
By 30 h from the start of incubation, growth of a Candida species was detected in all 13 episodes of definite CRC, but in only 23 of 51 episodes (45.1%) of candidemia from other sources. Kaplan-Meier analysis revealed significantly earlier detection of Candida growth in patients with definite CRC (log rank test, P Ͻ 0.001) (Fig. 2) . Therefore, we examined the performance of a TTP cutoff of 30 h for the diagnosis of CRC among a subgroup of 50 patients with indwelling CVCs. In this group, using a TTP of Յ30 h displayed a sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) of 100%, 51.4%, 41.9%, and 100%, respectively, for the detection of definite CRC. For the detection of definite and possible CRC combined, the sensitivity and NPV using a TTP of Յ30 h decreased to 75.9% and 63.2%, respectively, but specificity and PPV increased to 57.1% and 71%, respectively ( Table 3) . Analysis of ROC curves at different TTP cutoff levels confirmed that the highest diagnostic accuracy for definite CRC is obtained at a cutoff level of 30 h (area under the ROC curve of 0.76).
TTP for C. glabrata was significantly longer than for other Candida species (61.3 Ϯ 7 h versus 25.6 Ϯ 2 h; P Ͻ 0.001). Of eight episodes of C. glabrata infection that occurred in patients with CVCs, there were none in the definite CRC group, two in the possible CRC group, and six in the non-CRC group. TTP in the definite CRC group remained significantly shorter than for other candidemia episodes in patients with indwelling CVC after the exclusion of episodes involving C. glabrata from the analysis (17.3 Ϯ 2 h versus 29.6 Ϯ 2 h; P ϭ 0.005).
In-hospital mortality was 54.6% (35/64). Death, shock, respiratory failure, and acute renal failure occurred with similar frequency in patients with TTP of Յ30 h and those with TTP of Ͼ30 h. There was no significant correlation between the TTP and the duration of candidemia (P ϭ 0.4). a See the text for definitions. There were no cases of Candida endophthalmitis, osteomyelitis, arthritis, meninigitis, pneumonia, or empyema.
b P values are for the comparison of TTP in each diagnostic category with all other episodes of candidemia (one-way analysis of variance).
c Includes patients with and without an indwelling catheter.
DISCUSSION
The diagnosis of CRC has important implications for patient management. A nonneutropenic patient with candidemia who has an indwelling intravascular catheter with no other apparent source of candidemia will often receive a diagnosis of CRC. This approach may result in the unnecessary removal of indwelling catheters, as well as diverting attention from other sites that may be responsible for candidemia, most importantly the gut.
High-grade candidemia (Ͼ5 CFU/ml) detected in peripheral blood has previously been shown to correlate with the presence of an infected intravascular catheter (1) . Time to positivity is a readily available marker for high-grade bloodstream infection that bypasses the need for cumbersome quantitative cultures. In patients with S. aureus infection, a short TTP was shown to correlate with high-grade bacteremia as measured by quantitative blood culture methods and an intravascular source of infection (8, 10) . To our knowledge, no previous study has examined the utility of TTP in patients with candidemia.
In our cohort of 64 patients, a TTP of less than 30 h was 100% sensitive for definite CRC. Thus, our results demonstrate that a Candida TTP of Ͼ30 h strongly suggests a noncatheter source of candidemia. Of 50 patients in our study who had an indwelling CVC, 19 (38%) had a Candida TTP of Ͼ30 h, which might have supported a decision not to remove the catheter.
The specificity of a TTP of Ͼ30 h for the diagnosis of definite CRC was low (51%), indicating that high-grade candidemia may result from non-catheter-related sources. Of note, since not all catheters in this study were removed and cultured, at least some patients in the possible CRC group may have had infected catheters. A broader definition for CRC, which included both definite and possible cases, resulted in improved positive predictive value (71%) at the cost of reduced sensitivity.
Our patient cohort comprised mainly of intensive care unit patients, many of whom had undergone recent surgery. Only two patients were neutropenic. Therefore, our results should not be generalized to the neutropenic patient population. Further limitations of this study are the small sample size and observational nature, which meant that the volume of blood collected for culture was not controlled. However, we did not find differences in the volume of blood inoculated into bottles In studies of S. aureus bacteremia, a short TTP correlated with an increased risk of death, persistent bacteremia, and metastatic infection. In our study, TTP did not correlate with either mortality, duration of candidemia, or the development of organ failure. These differing results may be attributed to the relatively high prevalence of infective endocarditis in patients with S. aureus bacteremia and a short TTP (8) . Infective endocarditis due to Candida species is a much rarer disease and was diagnosed in only one patient in our cohort. In patients with candidemia, a short TTP correlates with the presence of an intravascular catheter, and thus, with an easily removable nidus of infection. Therefore, it is not surprising that a short TTP did not portend a worse prognosis in this cohort of patients with candidemia.
The time to detection of C. glabrata was significantly longer than for other Candida species. A similar observation has been reported by Horvath et al. in in vitro experiments of simulated candidemia (6) . Since there were no cases of CRC caused by C. glabrata in our study, the observed differences in TTP between CRC and non-CRC may be attributed at least in part to the causative species. However, since only 8 out of 50 patients (16%) with CVCs had C. glabrata infection, it is unlikely that the species alone accounted for the differences in TTP. Indeed, the TTP of patients with definite CRC remained significantly shorter than that of other patients with indwelling CVCs, even after the exclusion of C. glabrata cases from the analysis. Nonetheless, a TTP cutoff of 30 h may not apply to C. glabrata, and additional study is warranted to define appropriate TTP standards for this species.
In conclusion, our results suggest that the TTP may be a useful tool in the evaluation of patients with candidemia who have an indwelling CVC, and in selected cases, it may support a decision to retain the catheter. Further study is required to assess the significance of Candida TTP in different patient populations, such as neutropenic patients. In addition, the utility of differential TTP, which compares the time to detection of Candida in catheter lumen blood and in peripheral blood, should be evaluated in patients with candidemia.
